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Abstract

28
We report a significant poleward surge in thermospheric winds at subauroral and mid 29 latitudes following the 17-18 March 2015 great geomagnetic storm. This pre-midnight 30 surge is preceded by strong westward winds. These disturbances were observed over 31 three sites with geodetic latitudes [35] [36] [37] [38] [39] [40] [41] [42] o N in the American sector by Fabry-Perot 32 interferometers at 630-nm wavelength. Prior to the wind disturbances, subauroral 33 polarization streams (SAPS), were measured by the Millstone Hill incoherent scatter 34 radar between 20-02 UT. We identify the observed neutral wind variations as driven by 35 SAPS, through a scenario where strong ion flows cause a westward neutral wind, 36 subsequently establishing a poleward wind surge due to the poleward Coriolis force on 37 that westward wind. These regional disturbances appear to have prevented the well-38 known storm time equatorward wind surge from propagating into low latitudes, with the 39 consequence that the classic disturbance dynamo mechanism failed to occur. 40 41
Introduction 44 45
An equatorward surge of thermospheric meridional neutral wind at mid-latitudes is a 46 common dynamic feature of Earth's neutral atmosphere during geomagnetic storms. 47
Numerous studies have shown in detail how storm time momentum and energetic inputs 48 perturb the high-latitude ionosphere and thermosphere, with subsequent equatorward 49 propagation of disturbances [see reviews, Matuura, 1972; Prolss, 1995; Buonsanto, 1999 ; 50 Mendillo, 2006] . In particular, the storm time equatorward wind generated by impulsive 51 polar latitude heating processes can be very strong at night (1) when disturbance effects 52 add to the quiet time equatorward neutral circulation [Rishbeth, 1989] , and (2) when 53 high-latitude convection is enhanced and expanded equatorward causing a significant 54 anti-sunward ion flow [e.g., Straus and Schulz, 1976] . Due to the Coriolis force, the 55 equatorward wind surge can subsequently drive a westward neutral wind disturbance as it 56 reaches mid-and low-latitudes. These wind disturbances are at the heart of the important 57 ionospheric dynamo effect [Blanc and Richmond, 1980 This equatorward moving density reduction zone eventually remained at [38] [39] [40] [41] [42] o N 116 between 24-05 UT. It is during these pre-midnight hours, and within the midlatitude 117 trough, that both SAPS and neutral wind disturbances were observed (Section 3). The 118 presence of a SAPS flow channel is further evidenced by MH ISR observations (Section 119 3). The ~50% TEC enhancement seen equatorward of the trough is a typical SED 120 characteristic, and is a result of plasmaspheric erosion associated with SAPS. Later 121 sections will present these radar observations and will discuss the connection between 122 SAPS and neutral wind disturbances. suggesting that the poleward wind surge makes a significant contribution. 215
216
The radar data shows also a strong poleward ion drift VperN at ~55 o N, in particular, 217 between 20-23 UT. Combining these northward and westward components, it is likely 218 that the sunward drift is a significant factor in producing the large observed SED plumes 219 in TEC and IEC data. o N) and lasts for 4 hours until 02 UT on 18 March. After 02 UT, the 231 zonal wind amplitude decreased dramatically (at higher latitudes) or gradually (at lower 232 latitudes); and (3) At 03 UT, a poleward wind surge of ~100 m/s occurs. We posit that 233 the chain of events from (1) to (3) are a result of ion-neutral coupling and thermospheric 234 dynamical processes. In particular, the westward neutral wind characteristics described in 235 (2) are attributable to the well-known ion drag effect following the onset of SAPS 236 described in (1). Our proposition is further indicated by the observation that westward 237 neutral wind anomalies disappeared when SAPS forcing disappeared, with the effects 238 strongest in the area of the deepest midlatitude trough. Subsequently, the poleward wind 239 surge described in (3) is produced following strong westward winds as described in (2) 240 because of the poleward Coriolis force arising from significant westward wind 241
amplitudes. 242 243
Simulated F-region westward ion drift effects 244
To explore the validity of this scenario, an ion-neutral coupling simulation was conducted 245 with parameters characteristic of mid-latitudes near Millstone Hill. This relatively simple 246 simulation was designed to study the basic proposed mechanism and its general features, 247 rather than reproducing all observational details. The numerical experiment utilizes a 248 Coriolis force is the only mechanism that connects the zonal and meridional winds, so the 278 key finding is that poleward wind buildup is caused by Coriolis force effects in the north 279 direction because of westward neutral motion, with the characteristic time delay in storm 280 time variations between the two components as another sign of Coriolis forcing. 281
282
The third panel of Figure 4 plots ionospheric electron density differential response to 283 strong westward ion drift. The peak height, hmF2, dropped by ~55 km during the period 284 of significant poleward wind, and NmF2 dropped by ~80% after the westward ion drift 285 ceased. In this numerical experiment, the electron density reduction is achieved by the 286 induced poleward winds only, but an increase in the ion recombination rate caused by 287 frictional heating can further reduce the F-region electron density [Schunk et al., 1975] . 288 289
Discussion 290 291
Reproducing all observational details with the numerical experiment in Section 4 is not 292 possible because of the simulation's simplified treatment of ion and neutral temperatures 293 and neutral densities, which in reality are likely subject to large offsets from the empirical 294 model specifications used in this storm study. In particular, we have ignored the potential 295 presence of meridional pressure gradients to the north of MH, produced by the same 296 auroral heating processes that likely would generate an equatorward wind surge. The 297 simulated poleward surge produced by Coriolis force action is smooth and gradual in 298 time. This is quite similar to FPI observations at the lower latitude site, PAR. By 299 contrast, at the higher latitude of MH the observed poleward surge grows faster than in 300 the simulation. A more precise neutral response simulation would require a better 301 specification of storm time neutral density and temperature. In general, more 302 sophisticated modeling is needed to put the regional observations into correct global 303 context and to better explain observational features. However, the initial simplified 304 simulation presented here is sufficient to demonstrate that ion-neutral coupling and 305
Coriolis force effects are likely to play fundamental roles in observed wind dynamics. 
